The waxy layer of the cuticle has been shown to play a fundamental role in recognition systems of insects. The biparental burying beetle Nicrophorus vespilloides is known to have the ability to discriminate between breeding and non-breeding conspecifics and also here cuticular substances could function as recognition cue. However, it has not yet been demonstrated that the pattern of cuticular lipids can reflect the breeding status of a beetle or of any other insect. With chemical analysis using coupled gas chromatography-mass spectrometry, we showed that the chemical signature of N. vespilloides males and females is highly complex and changes its feature with breeding status. Parental beetles were characterized by a higher amount of some unusual unsaturated hydrocarbons than beetles which are not caring for larvae. The striking correlation between cuticular profiles and breeding status suggests that cuticular hydrocarbons inform the beetles about parental state and thus enable them to discriminate between their breeding partner and a conspecific intruder. Furthermore, we found evidence that nutritional conditions also influence the cuticular profile and discuss the possibility that the diet provides the precursors for the unsaturated hydrocarbons observed in parental beetles. Our study underlines the fact that the cuticular pattern is rich of information and plays a central role in the burying beetles' communication systems.
INTRODUCTION
Aside from its essential function as a water barrier (e.g. Neville 1975; Jackson & Blomquist 1976) , the insect cuticle plays an important role in communication systems of insects (Singer 1998; Howard & Blomquist 2005) . The chemical composition of the waxy layer is highly complex and is used in species, mate, kin, nest-mate or caste recognition. In addition, the cuticular pattern is not a steady feature, but can change in the course of an insect's life due to environmental or physiological factors; it is known to be affected by age (e.g. Wakonigg et al. 2000; Cuvillier-Hot et al. 2001) , ovarian activity (Dillwith et al. 1983) , nutritional condition (Liang & Silverman 2000) or habitat (e.g. due to hydrocarbon uptake from substrate; Pan et al. 2006) . In social insects like bees, wasps, ants and termites, the impact of extrinsic and intrinsic factors on the chemical composition of an individual's surface has received high attention. Here, the chemical signature may be affected by nesting material (Gamboa et al. 1986; Crosland 1989; Heinze et al. 1996) , comb wax (Breed et al. , 1998 D'Ettorre et al. 2006) , contact to nest-mates (Smith & Breed 1995) or by acquirement of prey-derived hydrocarbons (Obin & Vandermeer 1988; Florane et al. 2004; Buczkowski et al. 2005) and informs thereby about colony membership. In addition, the cuticular profile appears to play a key role in regulating reproduction and worker policing (e.g. BonavitaCougourdan et al. 1991; Ayasse et al. 1995; Peeters et al. 1999; Cuvillier-Hot et al. 2001; De Biseau et al. 2004; Sledge et al. 2004; Hartmann et al. 2005) . In non-social insects, however, the effects of diet and physiological condition on the chemical signature have received little attention and it is possible that the cuticular composition represents a communication channel for which importance may be far beyond what we thought. So far, most investigations on the cuticular compounds of non-social insects focused on species and sex specificity. Only few studies have paid attention to ontogenetic variations of the cuticular profile in non-social insects and even fewer have addressed their potential function in chemical communication. Some studies found differences between the chemical patterns of different development stages (Baker et al. 1979; De Renobales & Blomquist 1983; Bartelt et al. 1986) , less examined the effect of age in mature adults (e.g. Tregenza et al. 2000) . Perhaps the best-studied examples for variations in the cuticular composition which are linked to specific physiological conditions come from some dipteran species. In the eye gnat Hippelates collusor and the housefly Musca domestica, the onset of vitellogenesis parallels the synthesis of hydrocarbons that function as sex pheromones (Adams & Mulla 1968; Dillwith et al. 1983 ) and in Drosophila mated females in the presence of males produce 7-tricosene, a hydrocarbon which acts as an anti-aphrodisiac (Scott 1986; Scott & Jackson 1990 ).
In the biparental burying beetle Nicrophorus vespilloides, contact pheromones are involved in recognition and gender is communicated through cuticular compounds ( Whitlow et al. 2002) . Mü ller et al. (2003) found that a breeding burying beetle rearing a brood on a buried carcass is able to discriminate between its breeding partner and an intruding conspecific. The beetles do not recognize their individual partner, but their breeding status, i.e. the fact that they have been on a carcass caring for larvae; brood caring individuals of the opposite sex are generally accepted as nest-mates whereas non-breeding individuals are attacked. The experiments reported by Mü ller et al. (2003) strongly suggest that information about the breeding status is mediated by the profile of the beetle's cuticular lipids. In spite of these findings, nobody has demonstrated yet that the chemical pattern of a N. vespilloides beetle or of any other insect is influenced by the parental state.
Burying beetles exhibit elaborate parental care and raise their young on small vertebrate carcasses which serve as the sole food source for the developing larvae (Pukowski 1933) . Usually, a pair of beetles cooperates in feeding and defending the brood. However, even after a carcass is buried, conspecific competitors sometimes take over the carcass and kill the residents' brood (Scott 1990; Trumbo 1990a,b) . Residents thus require a mechanism that allows them to discriminate between their original mate and an intruder. The ability for individual recognition is not necessary to defend the larvae, as all beetles which are in parental state do not kill larvae (Mü ller & Eggert 1990 ). Moreover, recognition of reproductive status should be favoured owing to the occurrence of joint breeding where more than two beetles reproduce together on a carcass (Mü ller et al. 2007) . Learning the chemical signature of more than one beetle is likely to be a more complicated mechanism than simply to discriminate breeding status.
Our present study was conducted primarily to investigate the role of cuticular lipids in the nest-mate recognition system of burying beetles, but the broader purpose was to demonstrate a cuticular plasticity in a non-social insect's life that reflects physiological conditions. We first identified the chemical substances present on the cuticle of male and female N. vespilloides and then assessed possible effects of the parental state by comparing the cuticular pattern of parental and nonparental beetles. In our laboratory procedures, nonbreeding beetles are maintained on mealworms alone whereas parental beetles can feed on the carcass they bury for reproduction. To test for a possible effect of diet on the chemical profiles, we established an additional non-breeding group in which beetles were fed carrion for several days.
MATERIAL AND METHODS
(a) Collection and maintenance of beetles Experimental animals were F 1 offspring of N. vespilloides beetles trapped in carrion-baited pitfall traps during July and August 2004 in a deciduous forest near Freiburg, Germany (48800 0 N, 07851 0 E). The breeding method applied allowed us to generate beetles free of nematodes and mites that are typically found on field-caught beetles (see Eggert et al. (1998) for detailed description of the breeding protocol). Consequently, we could avoid variation in chemical composition of surface extracts due to parasites. Before the beginning of the experiments, the beetles were maintained in small transparent plastic containers (10!10!7 cm) at 208C on a 16 : 8 h light : dark cycle and were provided with decapitated mealworms twice a week. All experimental males and females used were sexually mature, aged between 20 and 50 days and of similar size.
(b) Chemical analyses (i) Experimental units Male and female burying beetles were randomly assigned with regard to age and body size to three different treatment groups: 'parental'; 'non-parental, vertebrate diet'; and 'nonparental, insect diet' (for each group and each sex, nZ18). Pairs of beetles from the parental group (one male, one female) were placed into plastic containers filled with moist peat and provided with a 10 g mouse carcass. Once the carcass had been buried, the containers were kept in darkness and all following manipulations were done using dim red light. After 48 h, each pair was transferred to a new box along with its carcass. The previous containers, which contained the eggs were checked regularly for the presence of newly hatched larvae. Once we observed larvae, we placed 10 first-instar larvae on the carcass with the respective pair. This standardization required the occasional use of larvae that were not the caring pair's offspring, this is of no consequence to the present study because parents do not distinguish between own and foreign larvae when the larvae appear on the carcass at the same time (Mü ller & Eggert 1990 ). To standardize the parental beetles' breeding condition, pairs were left to care for the larvae for a constant period of time (18-26 h) . For chemical analysis, we used only beetles that were present on the carcass after the standardized period of parental care. Beetles hiding in the peat were excluded from the analysis as it could not be ruled out that they were not involved in parental care. In a preliminary experiment, we tested whether beetles in such a standardized breeding condition were accepted as nest-mates by other parental beetles. In all cases, males (nZ16) and females (nZ16) which cared for larvae between 18 and 26 h were tolerated by parental beetles of the opposite sex, whereas non-breeding males (nZ10) and females (nZ10) were never accepted (for both sexes: c 2 Z26.00, p!0.0001).
Beetles of the two non-parental groups were housed separately, each individual in a separate box, and, in contrast to the parental group, did not have access to a carcass suitable for reproduction. They received two different diets to further examine the possible nutritional effects on the cuticular profile: insect carrion (decapitated mealworms, Tenebrio molitor) or vertebrate carrion (small pieces of pinkie mice with a mass of less than 0.5 g). Both diets were provided ad libitum. The beetles from the non-parental, vertebrate diet were fed carrion for a period similar in duration to the parental beetles' stay on the carcass at the time of testing (approx. 4 days). We think that in their natural environment, burying beetles feed mostly on vertebrate carrion. Therefore, when we speak about the general composition of the cuticular profile of an N. vespilloides individual, we always refer to nonparental males and females on a vertebrate diet.
(ii) Sampling and analysis of cuticular compounds The beetles were killed by placing them in a freezer at K278C for 15 min and were then left to thaw at room temperature for 30 min. They were soaked individually in 3 ml n-pentane (more than 99%, Fluka, Switzerland) for 15 min on an oscillator. The extract obtained was transferred to a clean vial and reduced by evaporation using a stream of gaseous nitrogen until approximately 0.1 ml remained. To determine the absolute amount of compounds extracted, an internal standard (n-eicosane) was added, which is not detectable on the cuticle of N. vespilloides ( Whitlow 2003) . The extracts were analysed by GC or GC-MS (full description of chemical analysis are provided in the electronic supplementary material). The chromatograms were manually integrated and the peak areas were converted to percentages of the total hydrocarbon fraction.
(c) Statistical analysis Statistical analyses were performed using SPSS v. 14.0 and STATISTICA v. 5. A discriminant analysis (DA) was performed to determine whether the six predefined groups of males and females on an insect diet and on a vertebrate carrion diet, and parental males and females could be discriminated on the basis of their chemical profiles. To evaluate the quality of the DA, Wilks' lambda and the percentage of correct assignments of individuals to the respective group were used. In addition, we report the percentage of correct classification in cross validation (leave-one-out cross validation). The squared Mahalanobis distances, which are a measure how far the clouds of points are apart from each other, were calculated between the groups. The structure coefficients (correlations between the discriminating variables and the discriminant functions) were used to assess the importance of individual compounds in discriminating the groups. To avoid limitations inherent to the analysis of compositional data, each peak area was transformed according to the formula of Aitchinson (1986) prior to DA
where Z i, j is the transformed area of peak i for beetle j; Y i, j is the area of the peak i for beetle j; and g(Y j ) is the geometric mean of the areas of all peaks for beetle j. To apply the transformation formula also on profiles with non-detectable components, the constant 0.01 (one-tenth of smallest area measured) was added to the peak areas (Aitchinson 1986; Steiner et al. 2007 ). For multivariate statistics like PCA and DA, a sample size of at least three times the number of variables is recommended. From the 91 peaks that reoccurred regularly in the samples, we selected 33 for the statistical analysis of our total sample of 100 individuals. Most of the studies reduce the number of substances by excluding peaks with small relative amounts (e.g. Peeters et al. 1999; Liebig et al. 2000) . However, also small peaks can carry essential information and thus we think that the relative amount of substances is not an appropriate selection criterion. Instead of selecting the largest peaks, we included the peaks with the highest variation between the groups. Our selection of variables prior to DA was based on the Kruskal-Wallis test statistic H (e.g. Zar 1984) which is a measure for the inhomogeneity of the different groups. H was calculated for each compound and subsequently the 33 substances which had the highest H-value and thus showed the highest intergroup variability were chosen and included in DA.
Differences between the treatment groups in the relative amount of polyenes and the absolute amounts of all chemical substances found on the surfaces were analysed using a oneway ANOVA with a post hoc sequential Bonferroni analysis (Holm 1979). 3. RESULTS (a) The general cuticular pattern of N. vespilloides In total, 88 substances out of 91 regularly occurring peaks could be identified in the cuticular extracts from N. vespilloides beetles (table 1). Hydrocarbons were the major compounds in the pentane extracts (over 98%). Although chain length ranged from C 18 to C 31 , C 25 (43% of the cuticular profile) and C 27 (27% of the cuticular profile) hydrocarbons dominated the cuticular pattern; substances with an even-numbered carbon chain made up only a small proportion of the total cuticular extract. The hydrocarbons were represented by linear alkanes (29%), olefins (35%) and methyl-branched alkanes (36%). Monoenes were the most abundant group of unsaturated hydrocarbons, but we also found dienes, trienes, tetraenes, pentaenes and even hexaenes. The fraction of methylbranched alkanes consisted predominantly of mono-and dimethylalkanes; trimethylalkanes were only found in very small amounts. Only a small fraction of substances detected in the N. vespilloides extracts did not belong to the group of hydrocarbons. We were able to identify some short-chained aldehydes, a ketone and cholesterol. Cholesterol was also detected in high amounts in the oral and anal secretions, a fact which led us to conclude that its presence is most likely a contamination stemming from the beetles' secretions (methods for analysing oral and anal secretions are provided in the electronic supplementary material). In the secretions as well as in the surface extracts, we could additionally identify fatty acids like n-hexadecanoic and 9-octadecenoic acid. The quantitative variation of acids in the surface extracts was extremely high, most likely because some of the beetles tended to release a large amount of secretion as they were placed in the freezer while others released only negligible amounts. Therefore, we excluded fatty acids in any further analysis of surface extracts.
(b) The effect of gender, nutritional condition and breeding status on the cuticular pattern The DA performed on 33 compounds (marked with an asterisk in table 1) significantly differentiated the chemical profiles of N. vespilloides beetles of different sexes and different nutritional and reproductive status (Wilk's l! 0.0001, c 2 Z920.90, p!0.0001). Four discriminant functions add significantly to the discrimination between groups (figure 1). The model correctly assigned 99% of the beetles to their predefined group, 85% were correctly classified in cross validation. All misclassification occurred between males and females of the same treatment group: in both non-parental groups as well as in the parental one, beetles were assigned to the wrong sex. Function 1, which accounted for 72.6% of the total variance, clearly separated parental from non-parental beetles, whereas function 2, explaining 24.0% of the variance, discriminated most clearly between non-parental individuals on different diets ( figure 1a) . The sexes of non-parental beetles were separated by function 3 ( figure 1b) males fall below the centre line whereas the females tend to gather above; for the parental males and females, function 4 (figure 1c) apparently produced a better separation. The squared Mahalanobis distances between the group centroids, which were statistically significant for all distances ( p!0.001), were lowest between males and females from the same treatment groups (table 2 in the electronic supplementary material), indicating that chemical profiles were similar and highest between parental beetles and nonparental ones, indicating the greatest difference in chemical profiles. It is also worthwhile to point out that the group of beetles that had been fed vertebrate carrion for 4 days appeared to be slightly closer to the parental beetles than were beetles on a strict insect diet (table 2 in the electronic supplementary material).
(i) Breeding status
The DA revealed a very good discrimination according to the beetles' breeding status (function 1, figure 1a ) and polyenes appear to play an important role in differentiation. Brood-caring individuals are characterized by the occurrence of the C 25 triene (peak number 28, table 1) and the C 27 hexaene (47), substances that were found in mere trace quantities or were altogether missing in nonbreeding beetles (table 1) . Parental beetles had also higher amounts of D6,9,12,15-C 25 tetraene (26), D3,6,9,12,15-C 25 pentaene (27) and C 29 hexaene (69) than did beetles not caring for larvae. In general, focusing on the total fraction of hydrocarbons with more than two double bonds, it becomes apparent that parental beetles had a significantly higher proportion of this fraction than both non-parental groups (ANOVA, post hoc Bonferroni, males: parental/mealworms, p!0.001, parental/ vertebrate carrion, p!0.01; females: parental/mealworms, p!0.001, parental/vertebrate carrion, p!0.001; figure 2a ). The beetles provided with a vertebrate carrion diet held an intermediate position: although they are characterized by a smaller proportion of these polyenes than parental beetles, they still had a significantly higher amounts of these compounds when compared with individuals fed mealworms ( post hoc Bonferroni, males: p!0.01; females: p!0.001). It should also be mentioned that within the parental group, sex-specific differences in the relative amount of polyenes could be detected ( post hoc Bonferroni, p!0.01). Unsaturated hydrocarbons with at least three double bonds could be found in a higher proportion in breeding females (figure 2a). However, breeding status affected not only the relative but also the absolute amount of cuticular hydrocarbons found in females ( figure 2b ). An increased total amount of substances was found in the pentane extract of parental females compared with non-parental ones (ANOVA post hoc Bonferroni, parental/mealworms p!0.001 parental/vertebrate carrion p!0.01). This finding could be confirmed by the method of solidphase microextraction (Berlardi & Pawliszyn 1989; Arthur et al. 1992; Malosse et al. 1995; Monnin et al. 1998) which revealed that the uptake of chemicals from The smell of parents S. Steiger et al. 2215
the surface of the same female was always higher when the female was caring for larvae (S. Steiger 2005, unpublished data). Although no such significant increase of substances could be found in pentane-extracted males, the absolute amounts of chemicals did not differ between parental males and females ( post hoc Bonferroni, pZ0.329).
(ii) Nutrition Diet significantly affected the composition of the cuticle volatiles (function 2, figure 1a) . The substance which contributed most importantly to the separation of individuals on different diets was C 29 hexaene (69) which was found in beetles on a vertebrate carrion diet, but could not be detected in beetles fed with mealworms.
A vertebrate carrion diet also had a positive effect on the proportion of other polyenes like D6,9,12,15-C 27 tetraene (49), D6,9,12,15-C 29 tetraene (71) and D3,6,9,12,15-C 29 pentaene (72).
(iii) Gender The two substances which contributed mostly to the differentiation of the sexes of non-breeding individuals were 7-C 23 en (13) and 7-C 25 en (35). Males had a higher proportion of the monounsaturated alkenes than females. In contrast, females are characterized by higher amounts of some methyl-branched alkanes like 4-MeC 26 (54), 3,9-diMeC 27 (70) and 4,8-/4,10-diMeC 26 (58). Interestingly, the difference of the cuticular pattern between the two sexes was profoundly affected by an individual's breeding status (function 3 and 4, figure 1b,c) to the point that parental males and females could hardly be differentiated based on the alkenes and methyl-branched alkanes that were responsible for discrimination of the sexes of non-breeding beetles. The amounts of these hydrocarbons found in parental males and females were very similar (table 1) . Examination of the components contributing to the differentiation of brood-caring males and females revealed that C 29 hexaene (69) and D3,6,9,12,15-C 29 pentaene (72) were important in discriminating the sexes; parental females were characterized by higher proportions of the two polyenes. Nevertheless, the squared Mahalanobis distance between the breeding sexes was smaller than all other distances measured (table 2 in the electronic supplementary material).
DISCUSSION
Our chemical analyses revealed that the cuticular pattern of N. vespilloides is highly complex and influenced by at least three factors: the individual's gender, immediate nutritional history and parental state. The two latter features imply that the chemical composition is a plastic trait which changes with the beetle's physiological condition. Several investigations have previously demonstrated such plasticity of the cuticular pattern, but never before has the composition of chemicals on the cuticle been found to be contingent on the individual's breeding status. In female eusocial insects, a relationship between the ovarian activity and the production of cuticular hydrocarbons has already been shown (ants: Monnin et al. 1998 , Peeters et al. 1999 , Liebig et al. 2000 , Cuvillier-Hot et al. 2001 bees: Ayasse et al. 1995; wasps: Sledge et al. 2004) , but in the case of N. vespilloides the waxy layer of males undergoes changes similar to that of females when breeding. Although this means that vitellogenesis is not required for the altered hydrocarbon pattern, hormones are the prime candidates for the regulation of cuticular composition in these beetles as well as in social insects. Juvenile hormone ( JH) is typically considered as a gonadotrophic hormone with a role in the regulation of ovarian development and its concentration is frequently elevated during vitellogenesis (Koeppe et al. 1985) . In some insects, it was also demonstrated that JH is responsible for regulating the biosynthesis of volatile as well as contact pheromones (see Tillman et al. (1999) for review). This is an interesting aspect as the JH titres in both male and female burying beetles rise rapidly after the discovery of a carcass and again after the arrival of larvae (Scott et al. 2001) . JH may play a role as a dual-function behavioural pacemaker (Robinson & Vargo 1997) mediating the transition from infanticidal to parental behaviour as well as the changes in the cuticular profile. Such a dual function of JH would also ensure the reliability of the cuticular indicators of breeding status.
Our analysis revealed unambiguous differences between parental and non-breeding individuals and several long chain polyunsaturated hydrocarbons were responsible for the clear separation. While long chain alkenes and alkadienes have been reported as major or secondary sex pheromone components for many insect species (e.g. Antony & Jallon 1982; Peschke & Metzler 1987; Syvertsen et al. 1995; Krokos et al. 2001; Ginzel et al. 2003) , long chain polyunsaturated hydrocarbons with more than two double bonds are not as widespread. Trienes and tetraenes with chain lengths from 17 to 23 carbons have been found as sex pheromone components in some Lepidoptera (Millar 2000) . However, the finding of hydrocarbons with five and even six double bonds and a chain length between 25 and 29 carbons is very rare (e.g. Leal et al. 2005; Millar et al. 2005) .
Polyene hydrocarbons have been found to be synthesized de novo from acetate as is usually the case for alkanes, but there are also many examples for a different synthetic pathway in which olefins are products of dietderived unsaturated fatty acids (Howard 1982; Lockey 1988; Howard & Blomquist 2005) . Our results indicate that also in N. vespilloides diet-derived polyunsaturated fatty acids may play a role as precursors for the olefins found. However, a vertebrate carrion diet may be the basis for the forming of the olefins, but it is not sufficient to explain the changes in the hydrocarbon pattern of breeding burying beetles. In our study, we could still find a clear difference between the chemical profile of parental individuals and non-parental beetles fed with vertebrate carrion. It is possible that a surge in JH concentration is required for the production of critical substances from the carrion-derived precursors. The alternative explanation, that the differences found are only contamination from external resources and hydrocarbons are acquired through contact with larvae or carcass, can be excluded by an additional experiment we have conducted (the details about methods and results of this experiment are provided in the electronic supplementary material).
An interesting aspect of our results is the finding that the sex differences that were typical of non-breeding beetles almost disappeared in the parental specimens. One possible explanation may be an exchange of chemicals when beetles are housed together (Harris & Moore 2005; Ivy et al. 2005) . However, when males and females were kept together without a carcass, no changes in the sexspecific pattern could be observed (S. Steiger 2005, unpublished results). Another possible explanation may be associated with the recognition mechanism involved which could be based on self-reference. Breeding beetles only accept counterparts if they are in the same state as themselves (Mü ller et al. 2003 ) and the underlying mechanism may be a comparison of the own cuticular pattern with that of the encountered beetle. If any difference in the profile caused aggression, we would assume that the cuticular pattern of breeding males and females should be very similar, so that rejection of the own breeding partner is a rare event. The results that the sex differences in the chemical signature disappear once the beetles care for larvae accords with the finding that in the half of the cases, tested parental beetles were not aggressive against breeding individuals of the same sex when encountering them (S. Steiger 2005, unpublished data). Though the self-referent hypothesis sounds feasible, the mechanism seems to be more complicated than stated. While the sex differences found in the profiles of nonbreeding beetles vanish when the beetles get in a parental state, different sex differences appeared. Breeding females were characterized by a profile which contains more polyenes than males. If the self-reference hypothesis was as simple as suggested, females should always reject their breeding partner. Nevertheless, it is probable that the selection pressure for the recognition process is different for breeding males and females. Trumbo (2006) has demonstrated that male burying beetles are task specialists, having both a greater tendency as well as a greater ability to guard the brood than females. This may involve
The smell of parents S. Steiger et al. 2217 parental males inspecting the cuticular pattern of conspecifics more closely or rather that they have a higher acceptance threshold than females (see Sherman et al. (1997) for theory) which could lead to the fact that even a small amount of missing chemicals on the surface of the encountered beetle evokes aggressive behaviour in males. If the amount of polyenes reflects the parental state, breeding females should always produce more of them than males to assure not being rejected by their own partner. To summarize, the self-reference hypothesis can still apply, but with the modification that the acceptance threshold are different for breeding males and females.
Burying beetles are able to distinguish between their breeding partner and a conspecific intruder based on the individual's breeding status. Here, we have demonstrated that the cuticular pattern of hydrocarbons changes with breeding status and thus provides reliable information about a beetle's physiological state. The amount or proportion of one or several unsaturated hydrocarbons may be the cue used in this recognition system, but without specific bioassays we cannot attribute communicative functions to any of the compounds. Overall, our study supports the idea of a variable cuticular profile which may reliably reflect a physiological state or nutritional condition. Moreover, the fact that the waxy layer of one and the same beetle encodes information about species, age (both, Whitlow 2003), gender, nutritional condition and breeding state is striking and emphasizes the potential importance of the cuticular pattern in communication systems. A cuticular profile which is influenced by the quantity and quality of nutrition, for example, might be used as honest signals in mate choice (cp. Fisher & Rosenthal 2006) . We hope that our study encourages further studies into the variability of cuticular patterns and its implications for communication in insects.
